
THE SYNTHESIS OF ACETAMIDO-DEOXY KETOSES 
BY ACETOBACTER SUBOXYDANS 

PART 111 

'The microbiological oxidation of 1-deoxy-1-i\7-n-methylacetamido-D-glucito and 2-acetamido- 
1,2-dideoxy-D-glucitol yielded a syrupy ketose and a crystalline h o s e  respectively. Crystal- 
line derivatives of each were prepared and structural investigations of the lietoses showed 
the former to be 6-deoxy-6-N-methylacetamido-L-xylohexuose and the latter to be 5-acet- 
anlido-5,6-dideoxy-L-xylohexulose. 

The microbiological oxidation of unsubstituted polyhydric alcohols has been studied 
extensively (1, 2, 3, 4, 5 ,  G), and tlie oxidation of terminal-substituted polyhydric alcohols 
has also beell investigated in several laboratories (7, 8 ,  9, 10). Iieceiltly we reported the 
oxidation of the substituted hexitol 2-acetamido-2-deoxy-D-glucitol bj- -4cetobacter 
sziboxyda?zs to 5-acetamido-5-deoxy-L-xylohexulose (11) and in this paper we wish to  
report the microbiological oxidation of 1-deoxy-1-N-methylacetamido-D-glucitol (I) 
to 6-deoxy-6-N-inethylacetai~~ido-L-xylohex~lose ( I I ) ,  and of 2-acetamido-1,2-dicleoxy-D- 
glucitol (I I I) to 5-acetainido-5,G-dideoxy-L-xylohexulose (IV). 

The oxidation of 1-deoxy-1-N-methylacetamido-D-glucitol (I) yielded a syrup which 
gave absorptioiis in the infrared corresponding to OH, CI-I, and C=O of the tertiary 
amide group. A weal; band a t  1730 ~ 1 1 1 - ~  was also observed and was probably due to 
the presence of a small amount (-5%) of the acyclic forin of the 1;etose. The results of 
periodate oxidation indicated that  the main bull; of the material existed in the furanose 
ring forin (11). Fui-ther evidence for a furanose ring form was given by the ready and 
rapid formation of a crystalline methyl glycoside (V) which was stable towards alltali 
but which was readily hydrolyzed with dilute acid. The rate of periodate oxidation of the 
glycoside (V) indicated that  the two free hydroxyl groups, between which cleavage had 
occurred, were held in the trans configuration by the near-planar furanose ring. 

The ltetose (11) gave a crystalline phenylosazone (VI) which, when oxidized with 
periodate by the method of I-Iough, Powell, and Woods (12), consuined 2 inoles of 
periodate, releasing 0.58 mole formic acid and no formaldehyde. The apparent low formic 
acid release agreed with the findings of I-Iough, Powell, and Woods, who obtained similar 
results from the periodate oxidation of monosaccl~aride and disaccharide pl~enylosazones 
(12). A11 immediate precipitate of the 1,2-bispl~enyll~ydrazoi~e of mesoxalaldehg~de (VII) 
was obtained from the oxidation. The oxidation results indicated that the osazone (VI) 
possessed free hydroxyl groups a t  carbons 3, 4, and 5 ,  and that  the ketose (11) from which 
it was derived was a 2-ltetose. 

The ketose (11) was very slowly reduced by sodiu~n borohydride to give a syrup which 
could not be crystallized. This product apparently consisted of the two expected isomeric 
hexitols although they could not be separated by paper chrolnatography in several 
solvent systems. 

1ilfu7~ziscriPt received Jzlne 7 ,  1961. 
Contribzrl~on from ~ J L C  Deparfnze7~t of O~ga?zic Clzemislry, Queen's University, K i ~ l g s t o n ,  Ontario. 
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The  above results showed tha t  the ltetose had the indicated structure (II) ,  the major 
portioil being in the furanose ring form, and tha t  the site of biological oxidatioil in l-deoxy- 
1-N-metl~grlacetan~ido-D-glucitol was a t  carbon 5 ,  in accordance with the well-l.;nown 
enzyine specificity for oxidatioils a t  pEI 5-6.5. 
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The oxidation of 2-acetainido-1,2-dicleoxy-D-glucitol (I I I) by A cetobacter szlboxydans 
gave crystalline 5-acetarnido-5,G-dideoxy-~-xylol1exulose (IV). The  results of periodate 
oxidation indicated tha t  enzy~nic oxidation had not occurred a t  the primary alcohol 
group of the hexitol. The  formation of aldofuranose rings was thus excluded on this 
evidence and the ketose therefore probably existed in the acyclic zigzag form (IV). 
Evidence to  support this conclusion was given by (a) the strong, sharp peal; a t  1735 cm-1 
which was observecl in the carbonyl region of the infrared spectrum, ancl (b) by the fact 
tha t  the lretose (IV) was not oxidized by bromine water or alkaline hypoioclite solution. 

The lcetose (IV) rapidly reduced Fehling's solution in the cold and epirllerized easily 
when lvarmed in pyridine solution or allowecl to  stand in contact with base for a short 
time, due to  the ease of Ireto-en01 tautomerism in the acyclic form. 

With acidified acetone the lretose (IV) gave a syrupy isopropylidene derivative (VIII) ,  
the infrarecl spectruin and perioclate oxiclation of which indicated that  acetal formatioi~ 
had occurred across the hyclrosyl groups on carbons 3 and 1, which were thei-efore 
favorablj~ situated for this reaction. 

Reaction of the lcetose (IV) n~ i t h  phenylhydrazine gave a crystalline phei~ylosazoi~e 
( I S ) ,  which, on periodate oxidation, consumed 1 inole of periodate a i d  released no formic 
acid or iorinaldehyde. An immediate precipitate of the 1,2-bispheil~~lhydri1zoile of 
mesoxalaldehycle (VII) \\?as obtained. The above evidence indicated that  the phenyl- 
osazone ( I S )  possessecl free hydroxyl groups on carbons :3 and 4 and tha t  the ltetose (IV) 
froill \vhich it was derived was a 2-ketose. 

Reduction of the lcetose (IV) with sodium borohydride gave crystalline 2-acetamiclo- 
1,2-dicleoxy-D-glucitol (111), which conf rinecl that  the hydroxyl groups a t  carbons 3 and 
4 of the lcetose (IV) were in the D-threo configuration since the position 01 the lteto group 
had been fxecl a t  carbon 2 by pi-evious evidence. 

The above results indicated tha t  the biological oxidation product was the acyclic 
2-hexulose, 5-acetamic~o-5,G-dic~cox~~-1~-xj~~ohes~10se (IV), as would be pi-edicted from 
the Bertrancl-I-Iuclson rule for enzymic osiclation by ilcetobacter szlboxydans (13, 14). 

R/Ielting points ai-e uncon-ected and were detcrminecl 011 a Fisher-John melting point 
apparatus. A11 e\~aporations wei-e carriecl out  undei- reduced pressure a t  50" C or less. 
Optical rotations wei-c measured a t  2:Sf 3O C in \vatel- unless otherwise stated. I'apcr 
 chromatograph^^ was cai-1-ied out by the clcscencling methocl (1 5) using Whatman No. 1 
paper in the following solvent systems (v/v) : 

(A) butan-1 -ol/etl~anol/water, 9 : 3 : 3 ; 
(B) butan-1 -ol/pyi-idine/water, 5::3:2; 
(C) ethyl acetate/acetic acid/loi-mic acid/mater, 18 :3  11: 4;  
(D) 2-butanone/glacial acetic acid/saturatecl aqueous boric acicl, 9 : l  : l .  

The  rates of movement of compouncls on paper chromatograms are given relativc to 
tha t  of rhamnose (RrI, value). lietosc sugars ~verc  cletectecl 011 paper chromatograms 
with the orcinol - trichloroacetic acicl spray rcagcnt (IG), other reducing compounds 
with the p-anisiclinc l~ydrocl~loricle spray rcagent (17), and 11011-rcducing compo~~i~c ls  with 
the allcaline silver nitrate spray reagent (18). lnfrarecl spectra nicrc measui-ecl in chloi-o- 
form solution or as  a dispersion in a potassium broinicle pellet, using a Perkin-Elmer 
Model 21 spectropliotometer. I~ormalclehycle produced in perioclate oxidations was 
deterinined by the chromotropic acicl mcthocl (19). 
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SECTION A. STUDIES OX (~-DEOXX~-~-N-~~ETEIXL.~CET.~MIDO-L-SYL~IIESUL~~E 
Preparation o j  I-Deoxy-1-iV-methylacetamido-D-glttcitol 

1-Deoxl--1-iV-methg-lamino-D-glucitol (-Aldrich Chem. Co. sample) \\ws twice re- 
cr)-stallized fro111 ethanol containing a little water t o  give a cream)--white product which 
had 1n.p. 128-129' C,  [a], - 14" (lit. values, m.p. 126' C,  [DID - 18.5~k1' (20)). 

l-Deox~~-l-N-methylamino-~-g1~1citol was N-acetylated in aqueous solution, using the 
~netllod of Levvy and Mc.Allan (21), to  give a yellow s)-rup which slo\\rly crystallized 
on desiccation. The  product was recrystallized fro111 methanol/ether, then fro111 ethanol/ 
ether to  give white crystals which had lll.p. 11'3-121' C,  [DlD -22'. 

6-Dcoxy-6-N-metllylacetamido-L-xylohex~~lose 
l-Deos~~-l-N-i~1etl~ylaceti1~11i~1o-~-glucit01 (7 g),  sorbitol (3 g) ,  !.east extract powder 

(0.5 g ) ,  and potassium d ihydroge~~ phosphate (0.05 g) were dissolvecl in tap water (140 
ml), and the solutioll was distributed among six 250-1111 conical Raslcs and autoclaved 
a t  15 p.s.i. for 20 minutes. After being cooled, the sterile broths were inoculated with 
several drops of a 48-hour culture of -4cetobacter sltboxydans grown in sorbitol solution. 
The flasks were stored in the dark a t  room temperature and saml~les were reilloved a t  
intervals, uilder sterile conditions, for examination bl- paper chromatograpl~y and 
estimation of copper-reducing value bl- the Somogyi method (22). The  appearance of 
L-sorbose (R,,, 0.52, solvent A) was noted, and of a spot (R,, 1.1, solvent A) which gave 
a pinlt color changing to  green \\lit11 the orciilol - trichloroacetic acid spray reagent. The 
results of the Somogyi estimations are s110\\711 in Table I. 

T.-\B12E I 

Osiclatio~l of l-cleos~~-l-!\~-111etI1yIi~~et~~111i~1o-~-gl~1~itol 
h y rl cotob([clai sz~l)on.ydnns 

% yieId of Icetose 
Time (days) (correctccl for the presence of I*-sorbose) 

Growth was terminated after 3"aa)s by pouring the broths into two volumes of 
ethanol. The solutioil mas filtered, deionized 1117 passage through Xmberlite 1.11. 120 
(II+) ant1 Duolite :I4 (011') resins, and coilcei~trated t o  a s)-rup. I>-Sorbose crystallized 
out  ant1 was relnoved and the residual sj7rup was then separated into three coinponents 
b ) ~  chromatography on a cellulose column using butan-1-01 half-saturated with water 
as  the irrigant. The  three coimponellts wei-e L-sorbose, l-deoxy-l-iV-meth!7lacetalnido-~- 
glucitol, and G-cleox~--6-N-~neth~~laceta~~~ido-~-xy1o1~ex~1lose. The  latter u7as obtained as 
a clear, light yellow syrup (2.2 g), [a],  -57". All infrared spectrum n-as obtainecl by 
smearing a little of the s)-rup onto the surface of a potassiuin bronlide pellet, and showed 
the following main absorptions: 01-1 (3410 cm-I, strong), CI-I (2960 cm-I, strong), 
saturated lcetone C=O (1730 cm-I, weal;), tertiary amide C=O (1625 cnl-I, strong). 
The complete spectruru is given in Appendix :I. 

Periodate Oxidation o j  6-Deoxy-6-N-meth yInceta~~zido-~-xylol~e~~tIo.~e 
A11 aqueous solution of 6-deoxy-6-iV-methylacetalnido-L-xylolex~~lose was oxidized 

under unbuffered collditiolls using a tnrofold excess of sodium metaperiodate. The 
results of the oxidation are shown in Table 11. 
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TABLE I1 

Periodate osidation of 6-deoxy-6-iV-methylncetamido-~-sylohex~1lose 
-- - 

Periodate uptake Formic acid For~naldehyde  
Time (hours) (moles/mole) (moles/rnole) (moles/mole) 

Methyl  6-Deoxy-6-N-met lzy lacetanz ido-L-xylohemnoside  
6-Deoxy-6-N-1nethylacetan1ido-~-xylol~cxulose (200 mg) was dissolved in anhydrous 

methanol (5 ml), and anhydrous methanolic 11j.drogen chloride ( I%,  3 ml) added. The  
solution was allowed to stand a t  room tempcrati~re for 34 hours, then 11eut1-alized with 

7 ,  silver carbonate, filtered, and evaporated to  dryness. I he resulting pale  ellow ow syrup 
gave a bright yellow spot on paper chrornatograms (Xrh 1.57, solvent A) with the 
9-anisidine hydrochloride spray reagent. The  sIrrup gave only a faint spot due to unreacted 
6-deoxy-6-N-1nethylacetamido-~-xylohexulose wit11 the alltaline silver nitrate spray 
reagent. After desiccation for 3 days the sj.rup crystallized and crystallization was 
speeded by the addition of rnethanol/ethyl acetate. T h e  crystals were filtered off, dried, 
and recrystallized twice from ~nethanol/ethyl acetate to give white needles (50 mg) 
which had 1n.p. 109-110" C,  [ a ] D  -97". T h e  glycoside gave absorptions in the  infrared 
corresponding to  01-1 (3480 cm-I), CI-I (2940, 2330 cm-I), and tertiary amide C=O 
(1600 crn-I). T h e  conlplete spectrum is given in Alppendis B. Anal. Calc. for C~OI-II~OGN: 
C,  48.2%; I-I, 7.6%; N,  5.6%. Found: C ,  43.1%; I-I, 7.4%; N, 5.7%. 

Periodate Oxidat ion of i l fethyl 6-Deo.~-y-6-N-metlzylacetainido-~-xylohexulof~~ranoszde 
T h e  glycoside was oxidized with a twofold excess of sodiunl nletaperiodate in ~ ~ r l b ~ ~ l f e r e d  

aqueous solution. T h e  results of the oxiclatio~l arc given in 'Table 111. No formaldehyde 
was detected in the oxidation mixture. 

I'eriodnte os ida t io l~  of mcthyl 6-deoxy-6-!V- 

Perioclate ~lptalce Formic acicl 
'l'ime (hours) (n~olcs /n~ole)  (rnoles/mole) 

6-Deoxy-6-N-metlzylacetamido-L-xylohex~lose Plzenylosazone 
The  osazonc was prepared by the usual method using freshly distilled phenylhydmzine 

and glacial acetic acid. I t  was recrystallized twice fro111 ethanol/ethyl acetate and once 
from ethanol,/ether to  give a bright yellow po\vder, 1n.p. 182-183" C. T h e  osazone gave 
absorptions in the  infrared corresponding to  01-1 (3430 cm-I), N H  (3270 crn-I), asonlatic 
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CH (3080 cm-I), aliphatic CI-I (2940, 2880 cm-I), tertiary ainide C=O (1625 cin-I), and 
the aroinatic ring (1610, 1500, 750, 690 cin-I). The complete spectrum is given in Appendix 
C. Anal. Calc. for C21H2704N5: C, 61.0y0; EI, 6.5y0; N,  16.9y0. Found: C,  60.5y0; H, 
6.6%; N, 16.2%. 

Periodate Oxidation of 6-Deoxy-6-N-methylacetanzido-L-xylohexuloe Phenylosazone 
The osazone was oxidized in 5Oy0 aqueous ethanol by the method of I-Iough, Powell, 

and Woods (12). The results of the oxidation are shown in Table IV. 

TABLE IV 

Periodate oxidation of 6-deoxy-6-N-methylacetamido-L-xylohexulose 
pl~enylosazone 

Periodate uptake Formic acid For~naldehyde 
Time (hours) (rnolcs/~nole) (moles/rnole) (moles/mole) 

1 ,R-Bisphenylhydrazone of -1Iesoxalaldehyde (23)  
In the periodate oxidation of 6-deoxy-6-N-1nethylaceta1nido-~-xylohexulose phenyl- 

osazone, a curdy mass of orange-yellow needles was precipitated 30 seconds after oxidation 
had started. The crystals of the 1,2-bisphenylhydrazone of mesoxalaldel~yde were centri- 
fuged off and the supernatant returned to the flask for oxidation studies. The crystals 
were washed with water, dried, and recrystallized from 50% aqueous ethanol, m.p. 
189-191" C. An authentic specimen had m.p. 193-194" C and the mixed m.p. was 189- 
191" C. The infrared spectra of the authe~ltic and derived specimens were identical over 
the range 4000-600 cm-I. The spectra were given in a previous publication (11). 

Sodium Borohydride Redz~ct,iolz of 6-Deoxy-6-N-nzet1~ylacetamido-~-xylo1~e.~~~lose 
An aqueous solution of 6-deoxy-6-N-methylacetamido-L-xylol~exulose (100 mg) was 

reduced with an equal weight of sodiunl borohydride a t  5" C for 18 hours. After re~noval 
of sodium borohydride and sodium borate the product was obtained as a syrup (100 mg) 
which gave two spots, Rrh 1.1 (unreduced lcetose) and Rrl, 0.61 (polyhydric alcohols) in 
solvent A, with the a l ld ine  silver nitrate spray reagent. The polyhydric alcol~ols were 
separated from the lcetose on Whatman 3 >/IN1 paper and obtained as  a syrup (75 mg) 
which gave one spot with the alkaline silver nitrate spray reagent on chromatography in 
solvents A, B, C, and D.  The syrup gave one fraction only, when passed through a colurnn 
of Dowex 50 W resin (8y0 cross-linl\-ed with divinylbenzene, barium salt form, 200-400 
mesh). 

The syrup had [aID - 17" ( [ a ]D  of 1-deoxy-1-N-n~ethylacetamido-D-glucito was - 22") 
and it was concluded that it contained 1-deoxy-1-N-methylacetamido-D-glucitol and 
probably the isomeric L-iditol derivative. Certainly some 1-deoxy-1-N-methylacetamido- 
D-gl~citol was present since oxidation of the syrupy mixture by Acetobacter sz~boxydalzs 
gave some 6-deoxy-6-N-methylacetamido-L-xylohexulose. 

Preparation of 2-Acetanzido-1 ,2-dideoxy-D-glucitol 
2-Ami?zo-2-deoxy-~-g/ucose Diethyl D.itlzioaceta1 
2-An1ino-2-deox~7-~-glucose l~ydrocl~loride (15 g),  fuming l~ydrocl~loric acid (120 ml), and 

ethanethiol (45 ml) were shaken in a pressure bottle a t  room temperature for 20 hours. 
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T h e  solution was diluted witli ethanol, lead acetate was added, and then lead carbonate 
was added to neutrality. The  solution was filtered aiid tlie lead salts were washed with 
ethanol. The  filtrate and washings were combined ancl saturated with hydrogen sulpliide, 
a little charcoal was added, and the solutioil was filtered and concentrated to a yellow 
syrup. T h e  syrup was dissolved in water ancl passed through Duolite A4(0I-1') resin. Tlie 
eluate was coilceiltrated to give ~r )~s ta l l ine  2-a1i1ino-2-deoxy-~-glucose diethyl dithio- 
acetal (10.9 g) ,  111.p. 107-109' C, [ f f ] D  -312' (lit. values, m.p. 109-110' C ,  [ f f I D  -24" 
(24)). 

2-Amino-2?-deo.L-y-~-g~ucose Diethyl Dithioacetal Penta-acetate 
2 - A i i 1 i n o - 2 - d e o x ~ ~ - ~ - ~ c o s e  diethyl dithioacetal (10 g) was acetylated with acetic 

allhydricle i l l  pyridiile solutioil a t  rooin teinperature for 24 hours to give 2-amino-2-deoxy- 
D-glucose diethyl dithioacetal penta-acetate as  a colorless syrup (17 g), [ f f I D  f 2' (c, 1.54 
in cliloroform) (lit. value [ f f ] D  f 1' (chloroform) (24)). 

2 - - ~ l c e t a m i d o - l , 2 - d ~ i d e o x y - ~ - g ~ ~ ~ & t o ~  
2-An1ino-2-deoxy-~-gl~1cose diethyl dithioacetal penta-acetate (17 g) was reductively 

desulphurized by being boiled under reflus with Raney 1iicl;el catalyst for 5 hours in 
ethanol solution. T h e  solutioil was filtered and the catalyst was \vashed several times 
with hot ethanol. T h e  filtrate and washings were combined and evaporated to dryness, 
giving 2-amino-1,2-dideoxy-~-glucitol penta-acetate as  a seiilicrystalliile syrup (8.6 g). 
T h e  syrup was dissolved in methanol (400 ml) and cooled to 0' C. H stream of anhydrous 
ammonia was passed into the solutioil for 20 minutes and the solution allowed to stand 
for 2 hours a t  roo111 temperature, then evaporated to  dryness. T h e  crystalline residue was 
dissolved i l l  methanol and an equal volume ol chloroform was added, followed by ether 
to  incipient opalescence. Small needles of 2-acetaiiiido-1,2-dideoxy-D-glucitol crystallized 
out aiid were recrystallizecl by the same lnethocl to give a chromatograp1iically pure 
product (3.9 g) which had m.p. 160-162'C, [all, -14' (lit. values, m.p. 162-164' C, 
[ Q ] D  -9' (25)). 

5-ilcetam~ido-5,6-dideoxy-~-:~-ylohex~~lose 
2-Acetamido-1,2-dicleoxy-D-glucitol (3  g) ,  sorbitol (3 g),  yeast extract powcler (0.5 g),  

and potassium diliydrogen phosphate (0.05 g) were dissolved in t ap  water (100 1111). Tlie 
solution was distributecl among five 250-in1 conical flaslis and autoclaved a t  15 p.s.i. for 
30 minutes. After being cooled to room temperature, the broths were inoculated witli 
several drops of a 48-hour culture of Acetobacter ~~[boxydans  grown in sorbitol solution, 
and stored in tlie darli a t  room temperature. Samples were removed a t  intervals under 
sterile conditiolis for chromatographic examination ancl estiination oi  copper-reducing 
values by tlie Sonlogyi method (23). 

Tlie appearance of L-sorbose (Rrh 0.49, solveilt ,A), and a spot (R,,, 1.13, solvent A) 
which gave a yellow color with tlie orcinol - tricl~loroacetic acid spray reagent was noted. 
Tlie results of the Somogyi estimations shon~ecl a 16.'7y0 yield of 5-acetamido-5,(j-dideoxy- 
L-XI-lohexulose after 7 clays and a G9yO yield after 20 days. Growth was terininated alter 
31 days by pouring the broths into 2 volumes of ethanol. The  solutioil was filtered and 
rapidl). passed through small beds of Amberlite I .R. 120 (I-I+) and Duolite A4 (OH') 
resins a t  5' C. The  eluate ancl ~vashirlgs were concentrated a t  35-40' C to a brown syrup 
which slowl>, crystallized on the addition oI ethanol. The  crystalline L-sorbose was 
removed ancl the residual syi-up was fractiollatecl on a cellulose column using butan-1-01 
half-saturatecl with water a s  the irrigailt. Tllrce Iractions were obtained: 5-acetainido- 
5,6-dideoxy-L-xylol~exulose, 2-acetarnido-l,2-~lideoxy-~-g1~~citol, and L-sorbose. 
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The 5-acetarnido-5,6-dideos)i-~-xylo11exulose was obtained as a clear brown syrup 
(2.1 g), [a]D -38'. The syrup crystallized alter several months but unfortunately only 
after all the structural worli had been completed on the syrup. The crystals were re- 
crystallized from ethanol/etheras rosettes of needles (15 mg) and due to  the small amount, 
a completely pure speciinen could not be obtained. The crystals had 1n.p. 91-93'C, 
[ a ] D  -40'. 

Anal. Calc. for C8[-11505N: C, 46.8y0; I-I, 7.3%; N, 6.8y0. Found: C, 46.0%; 1-1, 7.27,; 
N, 6.770. 

The crystals gave absorptioils in the infral-ed corresponding to 01-1 (3400 cm-I), NI-I 
(3280 em-'), CI-I (2960, 2900 cnl-I), satul-ated liet011e C=O (1735 cm-I), amide I (1645 
crn-I), amide I1 (1575 em-'). ''he cornplete spcctru~ll is given in Appendix D. 

5-Acetai~iido-5,6-dideos~;-~-xylol~exulose rapidly reduced Fellling's solution in the cold. 
I t  was not affected by bro~lline water a t  rooill temperature for 3 hours since 110 other 
spots could be detected on pager ch roma tog ra~~~s  sun in solve~lt A, after bro~niile water 
treatme~lt.  

Per?odatc O.xidat ion  o]' 5-.,l cetamido-5,6-d ideoxy-L-xyLokes~~Lose 
?'he lietose was oxidized with s o d i ~ ~ m  metaperiodate a t  111-1 7.3, and under unbufl'ered 

coilditio~ls a~ud the liberated formalclel~yde determined. The resuIts are shown in Table V. 

'l-ABLl.3 \' 

1:orm;~ldehycle estimations ill the pcriodatc o s i d a t i o ~ ~  
of 5-aceta111ido-5,Ci-tlic1co~~~-1.-sylol1cx~1lose 

I ~ o r m a l t l e l i ~  tle (molcs/mole) 

'l'imc (houl-s) pl-l 7 5 pH :3-4 (~~ribufferecl) 

Alka l~rze  I f i ~ p o t o d ~ t e  0 ,x ldn t~o f l  of 5-.1cetam~do-.3,6-d~deoxy-~-x~~L071ex~~Lose 
5-Acetamido-5,6-dicleosq -L-X> lohexulose was oxidized \vitIl alli'tline hypoiodite solutioil 

by the stancldrd method (26). Tlle results indicated that the 5-acetainiclo-5,6-dideosy- 
~-sy lohe \ r~~lose  contained 10% alclose. IIowever, it was fo~iild that the pI-I 11.4 buffer 
used in tlle oliddtion caused epimerization of the lietose to aldoses \vllich 1ve1-e detected 
ns two 11clv spots on pnper chi-omatograms, Ii,,, 1.6 and R,,, 1.S i l l  solvent A, urith the 
alliali~le silver nitrate culcl p-anisicliilc 111 drochloride spray reagents. A similar pattern of 
spots was obt,~ined n hen 3-acetan~itlo-3,ti-tliclco\~ -~,-r;~~lohex~ilose was heated a t  100' C lor 
3 houi-s i l l  p? ricli~le solut~on. 1-ronl these ~csu l t s  it WCLS coi~cluclecl that tlle v'tlue of 107, 
alclosc content 1-esultccl Irom epi~llerization ,u~lcl that  the 5-acetanlid0-3,Ci-dideoxy-~- 
sylohc\~~lose cont,li~lccl vcr) little, if , alclosc. 

5-.1r~tar7z1do-5,6-rli1l~~o.x~~-~~, ~ - O - ~ ~ ~ ~ r ~ ~ y l i d ~ n ~ ' - ~ - . x y l o I z e . ~ ~ ~ l o ~ e  
3-.lrct,~miclo-5,~i-clicleor~~-~-s~~lohexulose (200 nlg) was dissolved in acetone (100 1111) 

containing concentr,~tccl sulphuric acid (-1 dl-ops) a~lcl shaken for 24 hours a t  room 
teinpci-atul.c. The solution was neutralized wit11 bai-iunl carbonate, filtered, and evapo- 
rated to clrq iless and the resulting S ~ S L I ~  urc~s cxailli~led on paper chromatograms ruil in 
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solvent A. Two spots were observed with the alltaline silver nitrate spray, Rrh 1.2 (5- 
acetanlido-5,G-dideoxy-L-xylohexulose) and R, 2.5 (5-aceta111ido-5,6-dideoxy-3,4-0-iso- 
propylidene-L-xylohexulose). The  isopropylidene derivative was separated by  chroina- 
tography in solvent A on Whatman 3 M M  paper and obtained as  a syrup (74 mg), 
[a],, -19" (c, 1.16 in ethanol). The  syrup rapidly reduced Fehling's solution in the cold 
and gave absorptions in the infrared corresponding to OH (3500 cm-I), CI-I (3010, 2980, 
2910 cm-I), saturated ltetone C=O (1730 cin-I), amide I (1670 cm-I), and ainide I1 
(1525 cin-l). The  con~plete spectrum is given in Appendix E. 

Pepiodate Oxidation of 5-Acetamido-5,6-dideoxy-S,~-O-isopro~ylidene-~-xylohexulose 
The  isopropylidene ltetose was oxidized with a twofold excess of sodium metaperiodate 

in 50% aqueous ethanol and the liberated forinaldehyde determined. The  results are 
shown in Table VI. 

TABLE VI 
Periodate oxidation of 5-acetamido-5,6- 

dideosy-3,4-0-isopropylidene-L-xylohexulose 

Time (hours) Formaldehyde (moles/mole) 

0 .17 0.07 
1.17 0.27 
4 . 4  0.20 
9 . 7  0 .31 

5-Acetamido-5,6-dideoxy-L-xylohexulose Phenylosazone 
5-Acetamido-5,6-dideoxy-~-xylol1exulose (200 mg) was treated with freshly distilled 

phenylhydrazine and glacial acetic acid by the usual method to give a fine yellow powder 
(110 mg). The  osazone was recrystallized from ethanol and had 1n.p. 156-158" C 
(decomposes). I t  gave absorptions in the infrared corresponding to O H  (3460 cm-l), 
NI-I (3370 cm-l), aromatic C H  (3080 cm-I), aliphatic CH (3000, 2910, 2860 cm-I), amide I 
(1655 cm-I), amide I1 (1560 cm-I), and the aromatic ring (1610, 1500, 745, 690 cm-I). 
The  complete spectrum is given in Appeildix F. Anal. Calc. for C201-12503N5: C,  62.7%; 
E-I, 6.5%; N ,  18.3%. Found: C, 62.85%; I-I, 6.6%; N ,  18.1%. 
Perioclate Oxidation of 5-Acetamido-5,6-dideoxy-L-xylohexzJose Phenylosazone 

The  osazone was oxidized with sod iun~ inetaperiodate in 50% aqueous ethanol using 
the method of Hough, Powell, and Woods (12). The  results of the oxidation are shown in 
Table VII.  

TABLE 1/11 

Periodate oxidation of 5-acetamid0-5,G-didcoxy-~- 
s)~lohesulose phei~ylosazone 

Time (hours) Periodatc liptalic (moles/mole) 

No formic acid or forinaldehyde were detected in the oxidation mixture. 
During the oxidation a bright orange-yellow precipitate of the 1,2-bisphenylhydrazone 

of mesoxalaldehyde (23) was obtained. I t s  identity was proved by  melting point, inixed 
inelting point, and identical infrared spectrum with an  authentic specimen as  described 
previously in Section A of this publication. 
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( B )  d ie t l~y l  6-Deoxy-6-iV-metl~ylacetanzido-~-xylohex~~lofz~ranoside (0.8% in IiBr) 
3400 (S), 2910 (All), 2880 (M),  1600 (S), 1305 (>I), 14G5 (All), 1135 (S), 1115 (YI), 1383 (RlI), 
1340 (YI), 1320 (RlI), 1280 (M),  1215 (llI), 1215 (YI), 1165 (S), 1135 (YI), 1100 (S), 
1050 (M), 1025 (S), 985 (YI), 035 (hl) ,  890 (M), 815 (YI), 803 (Ad), 780 (W), 700 ( la ) ,  
670 (111). 

( C )  6-Deo.~-y-6-N-nzetl~ylacetanzido-L-xylohx~ose Phenylosazone (0.8% in I<Ur) 
3130 (S), 3270 (S), 3080 (S), 2910 (hlI), 2880 (M), 1625 (S), 1610 (S), 1590 (S), 1510 (S), 
1513 (S), 1300 (S), 1460 (M), 1425 (S), 1380 (S), 1310 (fill), 1315 (S), 1290 (S), 1260 (S), 
1173 (S), 1150 (M), 1105 (S), 1060 (S), 1010 (S), 965 (YI), 900 (All), 880 (Ad), 845 (M) ,  
825 (\V), 795 (Ill), 775 (W), 750 (S), 725 ( l I ) ,  690 (S). 
(D) 5-~1cetamido-5,6-dideoxy-~-sylol~e.2:1~he (O.8yO in ICBr) 

3100 (S), 3280 (S), 3100 (S), 2060 (M),  2000 (M),  1735 (S), 1615 (S), 1375 (S), 1-460 (YI), 
1130 (llI), 1385 (XI), 1310 (M),  1325 (M),  1285 (RlI), 1240 (AlI), 1183 (\V), 1155 (\\I), 
1133 (MI), 1115 (S), 1100 (S), 1080 (M),  1050 (YI), 075 (W), 903 (\V), 953 (W), 830 (W), 
823 (W), 740 (R?), 690 (M),  655 (31). 

(E) 5-Acetamido-5,6-dideoxy-3,~-0-iso~ropyli~lene-~-xylohemlosc (6% in chloroform) 
3500 (Mi), 3100 (\AT), 3010 (WI), 2980 (W), 2910 (W), 2110 (Mi), 1730 (M),  1670 (S), 
1525 (S), 1160 (Ail), 1395 (S), 1383 (S), 1335 (l/I),  1210 (S), 1170 (YI), 1085 (hll), 1065 (ha), 
1045 (M) ,  1015 (hll), 930 (W), 875 (Ad), 705 (All), 720 (M), 660 (Mi). 

(I;) 5-Acetanzido-5,6-dideoxy-~-xylo1ze.'iz~lose Pl~enylosazone (0.8% in I<Ur) 
3160 (S), 3370 (S), 3200 (S), 3080 (M),  3000 (AlI), 2910 (i\lI), 2860 (W), 1933 (\AT), 1655 (S), 
1610 (S), 1585 (S), 1560 (S), 1510 (S), 1520 (S), 1505 (S), 1160 (S), 1127 (S), 1383 (S), 
1307 (S), 1290 (S), 1260 (S), 1175 (M),  1160 ($/I), 1120 (M) ,  1080 (YI), 1045 (S), 1030 (NI), 
1015 (Ril), 975 (W), 910 (W), 905 (W), 870 (\A[), 815 (Mi), 815 (W), 785 (YI), 755 (S), 
745 (S), 690 (S). 
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